| INTRODUCTION
Hip fractures are a significant public health problem due to their increasing incidence and associated high mortality (Ariza-Vega, Kristensen, Martín-Martín, & Jiménez-Moleón, 2015; Dhanwal, Dennison, Harvey, & Cooper, 2011; Friedman & Mendelson, 2014) .
It is estimated that the number of hip fracture incidents in the world population will increase from 1.7 million in 1990 to 2.6 million in 2025 and further to 6.3 million in 2050 (Dhanwal et al., 2011; Friedman & Mendelson, 2014) . In Spain, the annual incidence of hip fracture in people aged 65 years or older is more than 500 cases per 100,000 inhabitants (Alvarez-Nebreda, Jiménez, Rodríguez, & Serra, 2008) .
Following hip fracture surgery, the main aim of the treatment is to support patients' return to their pre-fracture level of physical function and social setting (Alarcón, González-Montalvo, Gotor, Madero, & Otero, 2011) . However, this is not always possible to achieve (Edwards, Baptiste, Stratford, & Law, 2007) . The loss of physical function after a hip fracture in comparison to pre-fracture level is often higher than 50% at 1 month, 25% at 3 months and 12% at 1 year postoperatively (Ariza-Vega, Jiménez-Moleón, & Kristensen, 2014) , resulting in a lowering of health and quality of life for the patients (de Abreu & de Oliveira, 2015) and lower quality of life for their caregivers (Martín-Martín et al., 2014) .
Researchers have proposed interventions such as mobilization in the early phase of rehabilitation (Stenvall, Olofsson, Nyberg, Lundström, & Gustafson, 2007) , training activities for daily living (Hagsten, Svensson, & Gardulf, 2004) , physical exercise (Sherrington, Tiedemann, & Cameron, 2011) , alternatives such as Pilates (Stivala & Hartley, 2013) , and interventions that include the social and psychological environment of the patient (Crotty et al., 2010) , to increase recovery of physical function after hip fracture surgery.
Nevertheless, there is no consensus on the most effective intervention strategy (Kuijlaars et al., 2018; Lee, Yoon, Beom, Ha, & Lim, 2017; Sherrington et al., 2011; Wu, Zhu, & Zhang, 2018) . In general, length of hospital stay after hip fracture surgery is short and patients usually need more time to recover their pre-fracture functional level after hospital discharge Shyu, Chen, Liang, & Tseng, 2012) . Consequently, multidisciplinary post-discharge rehabilitation programs delivered in the home setting are considered highly important (Edgren et al., 2015; Karlsson et al., 2016; Salpakoski et al., 2014) .
The idea of transferring rehabilitation to the patient's home has led to the use of new strategies. The use of tele-rehabilitation is considered a viable option by Cottrell et al. in their systematic review, one that is effective and comparable with conventional methods in improving physical function and reducing pain in musculoskeletal affections (Cottrell, Galea, O'Leary, Hill, & Russell, 2016) . Telerehabilitation is defined by Russell as the provision of rehabilitation services at a distance using one of the following systems: i) imagebased rehabilitation; ii) sensor-based rehabilitation; and iii) virtual environments and virtual reality rehabilitation (Russell, 2007) . Telerehabilitation is an innovative method involving minimized transportation costs and time constraints for both patients and caregivers who accompany them to appointments (McCue, Fairman, & Pramuka, 2010; Tousignant, Boissy, Corriveau, & Moffet, 2006) . This method has been used as a therapeutic intervention for patients following knee arthroplasty (Moffet et al., 2015) , breast cancer surgery (LozanoLozano et al., 2016) , and stroke (Chen et al., 2015) . Nevertheless, the evidence for the use of tele-rehabilitation in patients with hip fracture is still limited (Bedra & Finkelstein, 2015; Tappen, Whitehead, Folden, & Hall, 2003) . Some studies involved phone calls to monitor patients at home (Chen et al., 2015; Tappen et al., 2003) , but the use of websites to provide tele-rehabilitation for patients with hip fracture is rare.
Due to the worldwide increase in the number of new hip fracture cases, the increased use of home-based rehabilitation and communications technology, and the limited evidence for the effectiveness of tele-rehabilitation in patients with hip fracture, the @ctivehip project (www.activehip.es) was designed to contribute to development of an improved rehabilitation process for patients with hip fracture and their caregivers. The aims of this project are twofold: 1) to design a homebased multidisciplinary tele-rehabilitation protocol, including the @ctivehip online platform, for patients with hip fracture, and 2) to compare this protocol versus the home-based usual outpatient rehabilitation protocol. Functional Independence, quality of life, physical performance, fear of falling and the emotional status of the patients, together with the perceived burden and emotional status of the informal or family caregivers, will be the outcome variables. In this manuscript, we describe the design and methods of the study. 
| Participants
Patients with a hip fracture and their caregivers who meet the eligibility criteria and give informed consent will be included in our study. A total of 70 patients with hip fracture, aged 65 years or older, and their informal caregivers will be assigned to an intervention (n = 35) or a control group (n = 35).
| Inclusion/exclusion criteria
Eligible patients: 1) have had hip fracture surgery, 2) are 65 years or older, 3) had a high pre-fracture functional level the week before the fracture (Functional Independence Measure [FIM] index scored more than 90 points), 4) are allowed weight-bearing at 48 hr after surgery, 5) live in their own home or the home of relatives after hospital discharge, 6) have an informal or family caregiver who has the ability to access the Internet and @ctivehip online platform, and 7) have signed an informed consent. The exclusion criteria will be: 1) presence of severe cognitive impairment (Mini-mental test score lower than 24 points), 2) terminal disease, or 3) post-surgery complications (re-surgery, or medical complications such as breathing or heart problems that make it impossible for the patient to begin rehabilitation within the first week after surgery).
| Recruitment and allocation
Recruitment took place at the University Hospital of Granada, Spain, between January 2017 and July 2018. All consecutive hospitalized patients in the service who met the inclusion criteria (evaluated by one occupational therapist and one physiotherapist) and their caregivers were invited to participate in the study by signing the informed consent. Allocation to groups was based on the willingness of the caregivers to use the website. Every patient with a caregiver willing to use the @ctivehip online platform was allocated to the intervention group, whereas those with a caregiver not willing to use the @ctivehip online platform (i.e., preferring in-person rehabilitation to watching the videos and helping the patient execute the exercises) were allocated to the control group. The assignment was not randomized due to an ethical issue. The hospital's ethics committee considered that the home-based multidisciplinary tele-rehabilitation program could be better than the rehabilitation currently provided to patients, because it offers more rehabilitation sessions, and thought that the telerehabilitation program should therefore be offered as an option to all participating patients and caregivers. The first three months after hip fracture are very important for the recovery of function (ArizaVega et al., 2014) , which means that offering use of the platform to patients in the control group only after three months would not be equitable.
| Sample size and power
The necessary sample size for this trial was obtained by carrying out a power analysis for functional status (primary outcome) using the FIM (Takeda et al., 2006) . Taking into account previously reported data (Zidén, Frandin, & Kreuter, 2008) , a minimally significant difference from 5 to 7 (SD = 4) points was considered. By adding 35% to account for potential losses, based on the study of tele-rehabilitation in patients with hip fracture carried out by Tappen (2003) , this project requires 70 participants (35 intervention, 35 control group) for 80% power at an alpha error of 5% using a two-sample t-test. The software Epidat 3.1 (Xunta of Galicia) was used for the analyses. Tables 1 and 2 .
The patients and their caregivers will receive training in the use of the @ctivehip online platform and provided with the necessary equipment (elastic bands, step and gym weights) to perform the activities and physical exercises shown in the videos. If needed, they will also be provided with a tablet for use during the 12-week telerehabilitation program.
| Control group
Patients assigned to the control group receive the usual postoperative care and rehabilitation for patients with a hip fracture, consisting of physical therapy sessions during the hospital stay and 5-15 postdischarge multi-disciplinary rehabilitation sessions at home. The rehabilitation sessions are provided in person by an occupational therapist and/or a physiotherapist from the public health system. The total number of rehabilitation sessions performed by each patient (including those provided by workers from the public health system and any private rehabilitation sessions paid for by the patient) are recorded so that "dose" of rehabilitation received by each patient can be controlled for in the statistical analyses. In addition, the control group will receive an information leaflet with recommendations and physical exercises to do at home.
| Common intervention of both groups
All informal or family caregivers for patients in either group will be invited to attend to a conference on recommendations for postoperative management and handling of patients with a hip fracture. The conferences will be conducted twice-weekly at the Traumatology Service by the @ctivehip team during the hospital stay of the patients. All sessions consist of: 1) an initial warm-up of three exercises, 2) performance of 9-10 exercises with a minimum of 10 repetitions per exercise and a maximum of 24 (depending of the week training during the 12-week program), and 3) a relaxation exercise to end the session.
| Strategies to enhance adherence to the program
Patients and their caregivers are verbally encouraged to participate in the program and to perform activities/exercise sessions and attend to each assessment. During the intervention period, the @ctivehip team is able to follow how often patients access the online platform and check how many sessions they have performed. One week after hospital discharge, the research team calls the patients of the intervention group to encourage them to continue performing the exercises and to resolve any possible doubts. Following this, contact is maintained through the online platform by messages or video conferences based on participant requirements.
| Outcomes
The primary outcome (functional level) and secondary outcomes are all assessed at the hospital at three time points coinciding with reviews with the surgeons: 1) at hospital discharge, 2) at 4 weeks after discharge, and 3) at 12 weeks after hospital discharge coinciding with the end of the tele-rehabilitation program (Table 3) . Two members of the @ctivehip team, blinded to group allocation, will evaluate the patients and caregivers.
| Primary outcome Functional level
Functional Independence Measure (FIM) The FIM score reflects the level of assistance a person needs in ADLs, along with level of cognitive/social function (Takeda et al., 2006) . The measure consists of 18 items, of which 13 concern physical activities divided into four categories: 1) self-care (eating, grooming, bathing, dressing, and toileting), 2) sphincter control (bladder and bowel), 3) mobility (bed to chair, to toilet, and to shower), and 4) locomotion (walk, wheelchair, and stairs). The remaining five items relate to aspects of cognitive and social functioning divided in two categories: 5) communication (comprehension and expression), and 6) social cognition (social interaction, problem solving, and memory). These items are scored with values between 1 and 7 based on the functional level: 1 = total assistance needed (less than 25% independence), 2 = maximal assistance needed (more than 25% independence), 3 = moderate assistance (more than 50% independence), 4 = minimal assistance needed (more than 75% independence), 5 = supervision needed, 6 = modified independence, and 7 = complete independence. The total FIM score range is between 18 and 126 points. Higher scores indicate a higher level of independence. The FIM score has been used in follow-up assistance of patients with a hip fracture from hospital discharge (Takeda et al., 2006; Wang et al., 2014 ) to 1 year follow-up (Zidén et al., 2008) . The internal consistency of the score has been reported as very good, with
Cronbach's α = 0.95 (Hobart et al., 2001 ).
| Secondary outcomes
Quality of life EuroQol Quality of Life Questionnaire (EQ-5D) The EuroQol (EQ-5D) is a patient-reported outcome measure used to evaluate the generic quality of life of the patient. The questionnaire consists of five dimensions (mobility, self-care, usual activities, pain, depression) and is used to evaluate perceived health status on a range from 0 (the worst health status) to 100 (the best health status) (Balestroni & Bertolotti, 2012). This outcome measure has previously been used to evaluate patients with a hip fracture (Tidermark, Bergström, Svensson, Törnkvist, & Ponzer, 2003) and has been reported to have good internal consistency (Cronbach's α = 0.83) (Marti, Hensler, Herren, Niedermann, & Marks, 2016) .
Physical performance
Timed Up and Go Test (TUG) The TUG test is designed to assess functional mobility and is useful for assessing changes between two time points (Podsiadlo & Richardson, 1991) . The test procedure is simple and relatively quick. The patient is instructed to get up from a chair, walk 3 m as safely as possible, turn around, and return to sit in the chair. The patient is allowed to use walking aids if needed. The time to complete the full exercise is recorded as the test result. The patient performs the test three times, and the best result is used (Kristensen, 2013; Zidén et al., 2008) . In repeated testing the TUG test had ICC = 0.97 (Steffen, Hacker, & Mollinger, 2002 ).
Short Physical Performance Battery (SPPB)
The SPPB assessment has previously been used to evaluate the mobility of older people and patients with a hip fracture (Guralnik et al., 1994; Latham et al., 2014; Salpakoski et al., 2014) . The performance battery consists of three tasks: balance, walking, and chair stands (Guralnik et al., 1994) . The score ranges from 0 to 12 points, with higher scores indicating better mobility. Internal consistency is high, with Cronbach's α = 0.87 (Gómez, Curcio, Alvarado, Zunzunegui, & Guralnik, 2013) .
Fear of falling
Short Falls Efficacy Scale-International (SFES-I) The SFES-I test is used to evaluate patients' fear of falling when performing ADLs. The scale consists of seven items with four possible answers corresponding to the level of concern. The total score range is from 7 to 28 points, with a higher score indicating a higher level of fear of falling (Delbaere et al., 2010) . The internal consistency of the SFES-I is very high with
Cronbach's α = 0.92 (Kempen et al., 2008) .
Fitness perception
International Fitness Scale (IFIS) The IFIS is a simple evaluation scale consisting of five questions concerning the patient's perception of his/ her general physical condition (cardio-respiratory, muscular, agility, and flexibility). Each question has five possible answers (very poor, poor, average, good, and very good) scored from 1 to 5 points, with the highest score corresponding to the best perception of physical condition (Ortega et al., 2011) . The test-retest reliability of the IFIS, as measured by the average weighted K, is 0.45 (Álvarez-Gallardo et al., 2016) .
Cognitive status

Mini-Mental Test (M-MT)
The M-MT test has previously been used as a form of screening for cognitive impairment in patients with a hip fracture (Latham et al., 2014) . The test consists of 11 sub-scores corresponding to temporal and spatial orientation, immediate recall, attention, calculation, delayed recall, naming, verbal repetition, following a three-stage command (i.e., "take this piece of paper, fold it in half, and put it on the floor"), reading, writing, and figure copying.
The maximum score is 30 points with a score lower than 24 points indicating possible cognitive impairment (Folstein, Folstein, & McHugh, 1975) . and 55 points, and intense burden with 56 points or more. The internal consistency of the Zarit Burden Interview has been found to be good, with Cronbach's α = 0.86 (Bachner & O'Rourke, 2007) .
Pain
Emotional status
The Hospital Anxiety and Depression Scale (HADS) The HADS is administered to assess the presence of anxiety and depression in both patients and caregivers. The scale consists of 14 items, each with four possible answers (0-3 points), divided into two subscales: seven items for status of depression and the remaining items for presence of anxiety. The maximum score of each subscale is 21 points, with scores below 11 indicating the presence of depression or anxiety (Herrero et al., 2003) . The internal consistency of the HADS is good with
Cronbach's α = 0.80 (Bjelland, Dahl, Haug, & Neckelmann, 2002) .
| Monitoring
All questionnaires with patient ratings (both the control and intervention groups) will be archived with restricted access in the hospital's research section by the principal investigator. A person from the @ctivehip team (other than the evaluators) will code the questionnaires for further analysis. The adherence of the intervention group will be recorded automatically on the web page at the end of each session. The patients in the control group and their caregivers will be asked at each interview the number of rehabilitation sessions performed.
| Data analysis plan
Normal distribution of variables will be checked by KolmogorovSmirnov and Shapiro-Wilk tests, as appropriate, and the differences at baseline between groups with Chi-square test or Student t-test, as appropriate. Data will be summarized using descriptive statistics. The main analysis will be repeated measures analysis of covariance (ANCOVA), with age, comorbidities, time from admission to surgery, and pre-fracture functional status as covariates.
Intergroup effect sizes will be calculated to provide change magnitude information.
| DISCUSSION
Rehabilitation of patients with a hip fracture is carried out using different interventions, but there is no consensus on which strategy is best (Kuijlaars et al., 2018; Lee et al., 2017; Sherrington et al., 2011; Wu et al., 2018) . This study was designed to develop and assess a new approach to rehabilitation of patients with a hip fracture that involves personalized professional attention at lower
cost.
An advantage of home-based rehabilitation is that treatment takes place in a familiar environment where the patient feels comfortable and safe. This type of intervention has been found to produce beneficial results for participants (Edgren et al., 2015; Karlsson et al., 2016; Salpakoski et al., 2014) . In a systematic review by Donohue, Hoevenaars, McEachern, Zeman, and Mehta (2013) , they concluded that home-based rehabilitation is as effective as conventional treatments. However, due to limitations of the reviewed studies, including lack information about the clinical protocols, the authors called for further research into this type of intervention (Donohue et al., 2013) . self-care and functional ability. A major limitation of that study, however, was the failure to assess the participants' adherence to the intervention (Tappen et al., 2003) .
On the other hand, Bedra and Finkelstein (2015) , in another quasi-experimental study, analyzed results of a tele-rehabilitation system in 10 patients with a hip fracture. These participants received a rehabilitation program involving individualized physical exercises and educational information. The results were generally favorable for physical and social functions, but the very small sample size and absence of a control group were major limitations. Bedra and Finkelstein (2015) concluded that tele-rehabilitation for patients with hip fractures is an effective and safe method but emphasized that more studies are needed because the existing evidence is insufficient to compare their results with other studies (Bedra & Finkelstein, 2015) . The @ctivehip project was designed to mitigate the limitations and biases of these previous studies (Bedra & Finkelstein, 2015; Tappen et al., 2003) by including a control group, increasing the number of measurable outcomes, and considering the support of informal or relative caregivers for patients with a hip fracture.
The study is not free from limitations because the allocation of the participants was not random but dependent on the willingness/ability of caregivers to be involved in the intervention. It may happen that the patients in the intervention group tend to be those whose caregivers are more involved in their rehabilitation process, have more time available, or cannot pay for additional private rehabilitation if they need more sessions than those provided by the public health system.
However, data on these variables will be considered in the analysis to adjust the results.
Furthermore, because we only include patients with a high previous functional level, study patients may be more likely on average to improve their functional level after the fracture than hip fracture patients in general. However, after a hip fracture, most patients do not recover their previous functional level, even if they were already independent Dyer et al., 2016) . The main reason for this inclusion criterion is that the intervention group's exercises will be supervised by their caregivers at home, and patients with a high pre-fracture level of functioning may be easier for caregivers to supervise in carrying out these exercises, so our hope is that limiting the study to these patients minimizes the additional caregiver burden associated with study sessions with the caregivers to assess the functioning of the online platform; and 5) multidisciplinary team meetings following feedback from the caregivers and patients to review and amend (if needed) the content of the videos and the online platform. The main concern of the team was the creation of a program that would be safe for the patient and easily supervised by the caregivers at home. The absence of other tele-rehabilitation protocols for patients with hip fracture was a great challenge for the creation of this study.
Given the long-term loss of functioning after a hip fracture, there is a need to improve rehabilitation programs and develop new strategies for treatment. If effective, the @ctivehip home-based tele-rehabilitation program will highlight the need to consider multidisciplinary telerehabilitation programs as an option to promote recovery of the prefracture functional level for some patients with a hip fracture, as well as the advantages of using new technologies to support patients and their caregivers in home rehabilitation. Considering the estimated increase in hip fracture incidence, programs such as @ctivehip may prove vital in optimizing rehabilitation after surgery for acute hip fracture in some patients.
